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Abstract

Nowadays most products need high quality of surface
appearance which can be achieved usually at higd mo
temperature. Pulsed cooling is one of the variaittd
temperature controls without significant increaseycle
time. In this study, pulsed cooling was appliedtire
injection and packing process for about 0.3 secardb
mold temperature can be higher than that convealtion
injection molding by about . The mold temperature
can also be lowered down efficiently in the cooling
process. Simulation based on Moldex3D® was carried
out and simulated predictions show similar trenaniold
temperature rise and in fair coincidence with the
experimental results.

Introduction

As 3C(Computer, communication, consumer
electronic)products progress along with the teobal
improvements, the basic characteristics are stfis|
weight, thin shell, and fancy outfits. Howeverintishell
products must come along with larger flow drag and
therefore products are affected by the temperature.
Furthermore, as design cycle time getting shorred a
shorter, more runners are usually adopted to sppedtie
production. However, this induces the problem of
strength of the structure, like seam lines andduesi
stress. The structures close to seam lines arkeew#aan
others. And residual stresses make products emsis
damaged under impact. Therefore in order to attoéd
defect, the ordinary solution is to raise mold tenapure
to lower the melt’s viscosity and improve the flability.

In this way, it takes longer for the molecules tgstallize
and therefore the product quality can be improved
significantly. The strength of the seam line c#so de

longer cooling time. In order to keep the merithigh
mold temperature and avoid the cycle time incretse,
dynamic control of mold temperature is adoptedatkle
all the problems. The dynamic control of mold
temperature include flame heating, induction hegtin
molder inside coating and pulse cooling. This tetbgy
provides an instant high temperature only on thédmo
surface to increase the flow ability of the melt the
filling stage. In the cooling stage, the temperattan be
lowered down quickly and not affecting the cyclméi
due to the fact that high temperature is only retsi on
the surface area of the mold. This method carctaftdy
control the temperature history and therefore He &b
specify the process parameters and switch timés
definitively a big boost for the injection moldimgdustry.

It

Research methodology

In the hardware system, this research modified the
traditional molding machine controller to a machine
equipped with pulse cooling capability. There ane
main functions in the control system: one is totchwi
independently to adapt to the tensile specimen raokdi
temperature sensor system. The other is to medisare
complete temperature history.

The data of the temperature history is used, #fter
process is stable, to control the raising of terapee and
maximum temperature of each cycle. For the railireg
temperature of each cycle, the main purpose is to
understand the increase of flow ability with thergase
of mold temperature during the filling stage; O thther
hand, for the maximum temperature control, thishoet
is able to measure the result that even the temperss
lower than the traditional mold cooling design, the
temperature raising effect is still the same andrgyn

improved enormously because the compound degreesaving can be achieved.

between the long molecules is increased by theehnigh
molding temperature.

Although the quality can be improved with this

The experiment will be done according to the
process parameters of table 1, including the chrangi
material and molding temperatures. The temperature

process parameters, the problem is increased due toare picked up by inserting the thermal couplesha t



region only 1mm distance from the mold surface &)g

and recording the temperatures histories for batlsep Concluson

and traditional cooling. The largest differencetlige

cooling water of pulse cooling will stay in the rdolThis Because coolant doesn't take much heat out in the
result in the heat stagnation effect of the mold tuheat  fjlling stage of the pulse cooling, the plasticeat can be
extracted from cooling water is decreased and et transferred to the surface of the mold. This emsur

up the mold. In the mean time, the same process higher temperature in the filling of the plastimdroves
parameters are adopted in the Moldex3D®, the aisalys replication accuracy, structural strength and serfa
model is built as the same as the real mOld, ard th qua”ty, etc. Therefore the purpose of this stugy
material and parameters are also the same as in theaccomplished. For the temperature raising of orbegy
experiment (fig 4). The parameters and the materia the results show that if the coolant temperatuee kapt
used in the analysis are also the same as in thethe same and flow cross section and distance gt ke
experiment. TheAD-5503 produced by Teijin is set up constant, from the heat transfer formula, the mwith

The results from the analysis are compared with the higher temperature will take away more heat:
experiment to see if the trend is correct. Thdityeaf

the temperature history is also studied in an aitaly . dT
way to see if the results are compatible with the Q=-1A—
experiment. dx
Results and Discussions Therefore pulse cooling is more efficient than the

traditional cooling in the same cooling time. Bles, for
the results of one cycle temperature raising, the
temperature from pulse cooling is only 0.1-Qf2igher
than the traditional cooling. The reason comemftbe
design of coolant pipe. If the coolant pipe isigiesd to

be uniformly distributed over the product, the betheat
stagnation than the traditional cooling can be ecid.
This results in higher process mold temperaturehim
filling stage.

In the results of incorporating different process
parameters, the final stabilized maximum tempegatur
can be observed to increase with the mold and méter
temperatures (fig 5). Although the scale is ngh#icant,
there is a clear trend in the data to prove thatrtiold
temperature can be raised about 3~5C if pulse rapat
adopted. On the other hand in the traditional ingol
with different process parameters, the final sizadil
maximum temperature is observed to increase in the
range 2~2.4C in one cycle. That is, the tempeeatur
raised by pulse cooling is slightly higher than the
traditional cooling.

In the results comparison of numerical analysis,
although the trend of maximum temperature and the
temperature raising of one cycle is the same as the
experiment, the difference between pulse and foendit
cooling is very small. This means the coolant gipsign

between pulse and traditional is not significaesslthan is not good and it is confirmed in the numericalgsis.

0.1. However, the numerical data and the trendveng The same trend of the experiment and the numerical
similar to the, results of our experiments. Afteris establish the strong credibility of the softwaredat also

stabilized, the data comparison between experimemis  confirms the experimental results.
numerical analysis shows that the maximum tempegatu

From the data analysis (fig 7 and 8), the diffeeanc

of the pulse cooling is indeed higher than theiti@wmhl References
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Table 1.Process parameters

Process parameters
Filling time 0.18 (s)
Packing time 0.2 (s)
Coaling time 15 (s)
Cycletime 24 (s)

I njection speed 300 mm/s
Ejection pressure 150 MPa
Packing pressure 120 MPa
Melt temper ature 330, 345, 360C
Mold temperature 84, 99, 114C

Table 2.Experimental method

Mold Melt
temperature | temperature Process
Al Tradition
330
A2 Pulse
A3 Tradition
84 345
A4 Pulse
A5 Tradition
360
A6 Pulse
B1 Tradition
330
B2 Pulse
B3 Tradition
99 345
B4 Pulse
B5 Tradition
360
B6 Pulse
C1 114 330 Tradition

Cc2 Pulse

C3 Tradition
345

C4 Pulse

C5 Tradition
360

C6 Pulse

=
Figure 1.Tensile specimen mold
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Figure 3.The sensor location (in red)




Figure 4.Moldes3D’s mesh results

The comparison of maximum temperature under different mold
—_ temperatures in the pulse cooling experiment
2130
L1925 P——
© —|-384C
5120
a
-
5 115
ET110 99°C
105
E 100
—|—114C
95
90 | — n n
320 330 340 350 360 370
Melt Temperature(*C)

Figure5.The comparison of maximum temperature between

mold and plastic in the pulse cooling experiment.

The comparison of raising temperature under different mold

temperatures in one cycle in the pulse cooling experiment
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Figure 7.The comparison of maximum temperature
between mold and plastic in the pulse cooling nicaér
analysis.

The comparison of raising temperature under different mold

temperatures in one cycle in the numerical analysis
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Figure 8.The comparison of raising temperaturenia o
cycle between mold and plastic in the numericalysms

The maximum temperatures under different mold temperaturesin the pulse

cooling experiment afteritis stabilized.
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Figure 9.The maximum temperatures in the pulsdrgol
experiment after it is stabilized.

Figure 6The comparison dfaisingtemperature between
mold and plastic in one cycle in the pulse cookmgeriment.

The comparison of maximum temperature under different mold

temperatures in the pulse cooling numerical analysis
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The raising temperatures under different mold temperatures in the cooling

experiment afteritis stabilized
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Figure 10.The raising temperatures in one cycthef
pulse cooling experiment after it is stabilized.
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Figure 12.The raising temperatures in one cyctbef

pulse cooling numerical analysis after it is stabi.

The comparison of maximum temperatures underdifferentmold temperature

between numerical analysis and experiment of pulse cooling afteritis

stabilized.
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Figure 13.The comparison of maximum temperatures
between numerical analysis and experiment of pulse
cooling after it is stabilized.




